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HelipoHHble cemu npumeHsitomcsi Ons peweHusi 3adady Knaccugukauuu unu  Krnacmepusauyuu
MHo20oMepHbIX OaHHbix. OcHOoBHas udess nexauwas 68 OCHO8e HEUPOHHbIX cemel - 3mo
rnocnedogamersibHoe Mnpeobpas3oeaHUe cuzHana, napannenbHo pabomarowumu 3r1eMeHmapHbIMU
OYHKUUOHAaIbHbLIMU 35ieMeHmamu.
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BBegeHue.

[aHHasa cTaTba aBnseTcs NpodosikeHnem ctatbh «llonynsipHble HEMpPOCETEBbLIE apXUTEKTYpbI». Bce
apXUTEKTypbl ONucaHHbIe B nNpeabiayLlen ctatee [1], B TOM UKW MHOW CTENEHK, IKCNNyaTUpYoT naek
nepcenTpoHa. OgHako, CyLecTBYIOT HerMpoceTn NpUHUMNManbHO MHOro xapaktepa. Janee pasrosop
NonAEéT NMEHHO O HUX. HXe Mbl pacCMOTpUM criefytoLimMe apXuTekTypbl:

o CeTu c 6asmcom paguanbHOro BMaa U BEPOATHOCTHLIE CETMU.

e Mopgenb Xondwunaa.

o CamoopraHmsyoLmecs ceTn u CETU C KBAHTOBaHMEM 00y4YaloLLUX BEKTOPOB.
e [1bpuaHbie ceTn

Mepen 4yeM NepenTn K pacCMOTPEHMIO KOHKPETHbIX CETEN Mbl 06CYaMM HECKOMBbKO OBLLMX naen.
MpuHuun «Mobegutenb 3abupaeT BCEN.

[na Havyana onuweM OOHY BaXKHY KoHUenuuio - «nobeautens 3abupaet Bcé» (Winner Takes All -
WTA). lNycTb nepen Hamu CTouT 3adadva pas3buneHns BXOAHbIX 06pa3oB Ha n knaccoB. PaccmoTpum
abcTpakTHyto ceTb. [1na 3Toro NnpeaycMoTpyMM B CETUM N BbIXOAOB - KaXKAbIN BbIXOL, aCCOLMMPOBaH C
KOHKPETHbIM Krnaccom. TpeHupoBaTb ceTb Oydgem TakMm o6pasom, 4TOObl Ha BeKTopax
onpenenéHHoro Kracca BbIXO4 COOTBETCTBYHOLLEro HempoHa Obim MakCcMMarneH, a Ha OcTalbHbIX
HerpoHax BbIXO4 Obin HyneBbIM. ACHO, YTO Ha peanbHbiX AaHHbLIX pe3ynbTaT O6ydeT oTnuyaTcsa oT
noeana. KoHuenuma WTA cocTtouT B crieaylowem: nocne obpaboTku odepeaHoro obpasa Bbibepem u3s
BCEX HEMPOHOB BbLIXOOHOMO CIOA HEWPOH C MakCMManbHbIM BbIXOOOM (HEWpOH nobeauTtens), ganee
MOBLICMM 3HaYeHWe ero Bbixoda A0 MakcMMyma (06blMHO eduHuua), a 3HaveHue OpPYrux HEelpOHOB
BbIXOLHOMO CIOS MOJSIOKUM paBHbIM Hymnio. Takum obpasoM Ha BbIXOAE Mbl MOSydaeM BEKTOP C
eavHuUEen Onsa COOTBETCTBYHOLLEro Krnacca U C HynsiMu ans Bcex ocTanbHbiX. NogpobHee o6 aTon
KOHLIENUMM MoXHo npountathb B [1]. MpMMeHeHMe AaHHOW KOHLENLUMN Mbl PACCMOTPUM HUXKE.



CraTtucTtuyeckne metoapl KJ'IaCCVI(bI/IKaLI,I/IVI, paccToAaHne MaxanaHobwuca.

PaccmoTpum 3agady knaccudmkaumm obpasos. NMycTb ecTb K N-MepHbIX HE3aBUCUMbIX CIydanHbIX

BENUYMH (MoZenew) . Mpepnonoxum, 4TO OHW pacnpefeneHbl HOpPManbHO W Hi

MaremaTudeckoe oOxugaHue, a Li KOoBapuauuoHHaa mMaTtpuua COOTBETCTBYIOLEN CcryvyariHoN
BENMYMHbI (BCE BEMWYUHBI - N-MEpHble CriyyanHble BekTopa). A3 BHelHero Mvpa Mbl NOAy4Mnmu

HEeKOTOpbI BEKTOP 7 , W Halleil 3afadveii SBNSETCA ONPeaenuTb, K Kakoii MOAEenM OH OTHOCWTCA
(kakas cnyyanHasi Benu4MHa u3 ncxogHoro Habopa ero nopoguna). bygem cuntartb, YTO BCE MOgENM
pPaBHOBEPOATHbI (HET anpuOpHbIX 3HaHW). Kak n3BecTHO, U3 Teopun BEPOSITHOCTEN, BEPOSATHOCTb
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B nokasaTene 9KCMNOHEHTbI CTOWUT KBagpaT, Tak HasblBaeMoro, paccTosiHuss MaxanaHo6uca.
dopmanbHo pacctosiHe MaxanaHobuca BBoOAMTCSA cneaylowmm obpas3oM: nycTb cryyariHble
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Mogenbto C napameTpamu Uto e obo3HavaeT
pacctosiHne MaxanaHobuca «dusndeckn»? BbluMcneHne paccTosHuss MaxanaHobuca MOXHO
paccMaTpuBaTb Kak BbIYMCMEHUS ANVHbI BEKTOpA - B HEKOTOPOW CUCTEME KOOpAMHAT CBSI3aHHOM C
MaTeMaTM4Yeckum oxunagaHunem wmogenu. PaccmoTpym noapobHO, Kak CTpouTcs 3Tta  cucTema

ot e
KOOpAWHAT. [epBbIM LAroM MOXHO CUMTaTb BblYMCHEHME =A% 310 PaBHOCWIBHO MepeHoCcy
CUCTEMbI KOOPAMHAT M3 HyMsi B TOYKY MaTeMaTU4eCcKoro OXXMaaHus Moaenu.



Puc1. MNpeobpasoBaHne cuctembl koopamHaTt. JIMHENHbIN CABWT.
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B HOBbIX 0603Ha4YeHNs nonyvaem , ecnu Obl KoBapuauMoHHas MaTpuua Gbina
eaVHUYHOM (crnyyal paccTosHue EBknuaa), To Mbl 6bl MOMyunnu OnMHY BekTopa “ B cucTeme
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KOOpAMHAT CBSI3aHHOW C # 1o ectb anvHy & . PaccmoTpum cnyyaid, korga < ABnsieTcs
AvaroHanbHOW, 9TO O03HayaeT YTO SNeMEeHTbl CrlyYyalHOro BeKTopa MOAENU CTaTUCTUYECKU

He3aBuCUMbl. B TakoMm criydae ocu KoopauHaT HOBOW CUCTEMbI CBA3AHHOWN C F’ Kak Obl, pacTsHyTCs
NponopLUMOHanbHO AUCNepcusiM  3nemMeHToB. [nuHYy BeKkTopa C Hayanom B LEHTpe CUCTEMbI
KoopaMHaT, MOXHO BOCMPUHMMATb, Kak TO BO CKOSMbKO pa3 HY)XHO YBENUYUTb €OUHUYHBIA NMEepPHbIN
wap, 4YTobbl BEKTOP fiexan Ha ero noBepxHOCTW. [ns Harnsi4HOCTM PacCMOTPUM, YTO MPOU3ONAET C
€OWHWNYHBIM LIapoM B HOBOW C.K. (CUCTEME KoopAaMHaT).
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Puc2. NpeobpasoBaHue cuctembl KOopanMHaT. «PacTskeHne».



EOVMHUYHBIN Wap B HOBOW C.K. pacTsHETCS MO OCAM, MPONOpUUOHan6LHO AMcnepcun, nNpespaTuBLUNCS,
C TOYKWM 3peHus npedblaylwimx c.K., B annuncoug. Takum obpasom ANUHOM BekTopa HyxHo 6yget
cunTaTb TO, BO CKOMbKO pas HYXXHO yBenuuuTb annuncoug (pacTsiHyB €ro ocu B paBHOM Nponopumm),
4YTOObI KOHEL, BEKTOPA fexXan Ha ero NoBepxHocTu. Tenepb BeKTopa C OOUHAKOBOW ANMHOW 06pasytoT

annuncound, a He cgepy, C OCAMM MapannenbHbIMM OCSIM KoOpAMHAT B CUCTEME CBSI3aHHOW C A
Takum 06pa3om M3MeHeHMe Ha OfHO U TO XXe YMCIO ABYX pPasfMyHbIX KOOPAMHAT BXOLHOrO BeKTopa
7, CKaXeTCs Ha ero mepe HepaBHOMEPHO, a MPOMNOPLMOHANBHO AMCIEPCUM MO COOTBETCTBYIOLLEN
. 1 ~

koopauHaTe. Tenepb BO3bMEM MPOM3BOSIbHYIO MaTpuLly < . Kak 1 B npeablayLem crnyyae eauHUYHbIN
i

lwap pacTsiHeTCsl MpeBpaTUBLLMCE B 3NnMncous, BMeECTe C 3TUM HeauaroHasbHble 3MeMeHTbl <
BbI30BYT, kak Obl, BpalleHue annuncovpa BOKPYr Hayana koopavHat. Takum obpasom (M3-3a

CTaTUCTUYECKON 3aBUCMMOCTU KOOpJJ,VIHaT) M3MeHAA OA4HY U3 KOOpAMHAT BEKTOpPa z B UCXOOHOW UIn
BTOPOW C.K., Mbl U3MEHHAEM Cpa3y HECKOJIbKO B KOHEYHOWN C.K. (COITIaCHO nx KOBapVIaLI,VIVI). NTak,

OCHOBbIBAsICb Ha napameTpax MoAenu, Mbl MOMYYUIM HOBYIO C.K. B KOTOPOA ASIMHHA ~ M eCTb
pacctosiHne MaxanaHobuca.

1= g2

pi(x) = ewpl =& F[)

C y4éTOoMm BbllE CKa3aHHOro, MOXEM 3anucaTb 2 . Takum obpasom, 3Has
napameTpbl Mogenen (MaT. OXuaaHue N KOBapWaLWOHHYH MaTpuuy), ONsl BbIHECEHUS] peLleHus o
NPUHAZANEXHOCTM < K TO WAM MHOW MoAenu (Knaccy) AOCTaTOYHO MOCHWTaTh BEPOSATHOCTb AMS
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" Bbl6paTb moaenb C  MakKCumalribHbiIM  3Ha4YeHuem, T.e.

- Takon noaxop B BbIbope rmnoTes Ha3blBaeTCsd METOAOM MakCMManbHOro

npaesgonofobus. PaccMoTpumM NpoCTEMWMIA crydan: 3NeMEeHTbl ClyYalHbIX BEKTOPOB (Moaenen)
2

CTaTUCTMYECKN HE3aBUCUMbI U UMEIOT OAMHAKOBYIO Aucrepcuio © | criefoBaTenbHO AuaroHarnbHble

3NeMeHTbl KOBapUaLUMOHHOW MaTpuLbl paBHbl MeXxay cOOON, a BCe OCTarbHblEe SNIEMEHTbI - HyNnu, T.e.
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Cetu c 6a3ucom pagmanbHOro Bnaa.
[aHHble HenpoceTn TeCHO CBA3aHbl C MOHATMEM yHKUMKM paauanbHoro Buaa (Radial Based
Functions - RBF)[5] n ctatuctuyecknmmn metogamm knactepHoro aHanmsa. B koHTekcTe HenpoceTen
-y
nog dyHKuMen paguanbHoro Bmaa Oyaem MNoHMMaTb npocton [ayccuaH: @(x) — cxp(=ba :'.
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Bolwe npuvBenéH rpaduk npu koapduumnente b=1. NameHas b Mbl MEHAEM «4yBCTBUTENbHOCTbY
PYHKUMM: TO HACKOMbKO BbICTPO 3HAYeHWe yHKUUM NpubnmkaeTca K eauMHUubl, Npu cTpemrieHne
aprymeHTa K Hynto. lNepengém K onncaH1Mio caMmom CeTu.

Mopgenb HeMpoHa CyLWECTBEHHO OTNMYaeTC OT MOAENU HelpoHa apxuTekTypax MnoaoGHbIX
nepcentpoHy. WTak y HelpoHa N-MepHbI BXO4 * U N-MepHbIi BEKTOP BecoB ' . Bbixog HelpoHa

F 7 2
onpepensieTcs No cremytoLLeil cboplvlyne:W{"J’f V") e PP === PY) 14 ocr, Boixomom
HeMpoHa ABNSAeTCA 3HayYeHwe YHKUMM paguanbHOro BuAa OT aprymMeHTa paBHOMO pPacCTOSHWUIO
(BbIDOP Mepbl ANs OaHHOro cnyyas Mbl OOCyAMM HUXKE) MeXOy BXOOHbIM BEKTOPOM U BEKTOPOM
BecoB. YUTo e 310 Aaét? Bbixog HelipoHa Tem Oonblue, Yem Onvke BXOAHOW BEKTOP K BEKTOpPY
BecoB. Ecnu paccTtosiHme HyneBoe, TO BbIXO4 HEMPOHa MakcumarneH (eanHuiua).
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Puc3. Mogenb RBF HenpoHa.

Bocnonb3yemcsa cTaTUCTMYECKMM annapaTtoMm Knaccudumkauum, OnucaHHbIM Bbiwe. [lonoxum B
HENPOHE BEKTOPOM BECOB CRy4alrHblA BEKTOP MOAENU (O TOM, YTO B TOYHOCTM MMeEEeTCs BBMOY Mbl

bod

CKaXXeM Huxe), T.e. , cBOGOAHbIN KOahMUNEHT 2, a Mepoln MONOXMM paccTosdHMe no
MaxanaHobucy. Takum obpas3om noriydyaem, YTO BbIXOL HEMpPOHa - BEPOATHOCTb MPUHALMNEXHOCTU
BXOOa K MOAenn C TOYHOCTbH A0 Ko3adhduumeHTa A4 Kak xe noHumaTb ClnyyarHbIA BEKTOp B

Ka4yeCTBe BeECOB HeVIpOHa? Kak BMOHO W3 MOOeNnu HeupoHa, Beca MPUMEHSAITCA TOMbKO And
BblYUCINEHNA pacCToAHUA, crnegoBaTesibHO OT CﬂyanIHOFO BEKTOpPa (MOD,eJ'II/I) HaM HYXHbl TOJ1bKO

v-Z
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napameTpbl - # n < . B oblem Ccny4yae And npon3sosibHOU MOoLeST HaMm n0Tpe6yeTc;| XpPaHUTb N TO U
apyroe. MHorga Ha npaktuke (Hanpmmep, Korga ToYHble napamMmeTpbl MoAeNTn He VISBeCTHbI) ANIEMEHThI
CHyHaVIHOFO BeKTopa MoJenu nonaralTca CTaTUCTUYECKM He3aBUCUMbIMW U C  OOMHAKOBOM

.o . o,
avcnepcven < (nocnegHero MOXHO A0BUTLCA UCKYCCTBEHHO, YMHOXWB KaXkabld BXOA4 Ha ¢ ), ganee
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28y VTH  a B ravectse Mepbl - €BKNMMAOBO paccTosiHe. B wutore Mbl nonyuum
mMaTtemMaTMYeckn MpaBuIbHYI MOAENb He COAepKallyto crnyvalHblXx BeKTOpoB. [MogyepkHEM, 4TO B
OTNMYME OT NePCENTPOHA, HEMPOH, B OOLLEM Cryyae, XxapaKkTepu3yeTcsl He OAHUM BEKTOPOM BECOB, a
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PaccmoTpyM BO3MOXHblE CTPYKTYpbl cBA3eW. PaccMoTpym ceTb W3 OAHOro Crnosi HEMpoHOB
paguanbHoro tuna.

Puc4. Ctpyktypa cesasen RBF ceTn.

B gaHHOM cnyyae Mbl MOMy4YuM CeTb, Ha BbIXOAE KOTOPOW OyOyT BEpPOATHOCTM (C TOYHOCTbIO OO
NMOCTOAHHOIrO KO3pMUMEHTa) NPUHAONIEXHOCTM BXOOHOIO BEKTOpa K MoAensam, onpenensieMbiM
BeCaMy HEMpPOHOB M3 paamanbHoro cros. [lanee Mbl MOXeM NPUMeEHUTL koHuenuuio WTA, nonyyus,
TakuMm 0b6pasoM, Ha BbiIXxo4e rmnoTesy O NpMHaANEeXHOCT BEKTopa K Modenn. Takow BapuaHT ceTu (C
OZHUM CroeM pagnanbHbiX HerpoHoB U WTA) Ha3biBaeTcsl BepOATHOCTHOMN HenpoceTblo (06yveHne
Takon CeTu pacCMOTPUM Huxke). MNMOHATHO, YTO Takasd HeMpoceTb peanusyeT MeTOA4 MakCUMarnbHOro
npaesgonogoous.

PaccmoTpum elué oavH BapuaHT. lNyckait nepen HaMu CTOMT He 3adaya knaccudukaumum, a 3agada
MOAENMPOoBaHUs OTOBPaXKeHUs (Kak U B MHOTOCMOMHOM nepcenTpoHe). BbicTpoum ceTb cnenytoLlen

CTPYKTYpBbI:




Puc5. Ctpyktypa cBsasent RBF ceTu ¢ nnHEHbIM Cnoem.

Kak BMOHO M3 KapTUHKW Hag CNnoemM pagunanbHblX HEWPOHOB Mbl HagcTpounu ewé oauH crion. B
Knaccmyeckom BapuaHTe HEMPOHbI BTOPOro crost obnagatoT NMHENHON oyHKUMEN akTuBaumm, To eCTb
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BbIX0OA He|7|p0Ha i , TAe ' ecTb BbIXOA4 COOTBETCTBYIOLLErO He|7|p0Ha paananbHOro crnos,
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re Mol BF mLTE A },r,qe 7 - BxogHou obpas cetn. Takum 06pa3oM Mbl Nonyyaem,
YTO UEeneBoe OTOOpaXxeHWe WHTeprnonupyeTcsl C MOMOLBbI0 JIMHEWHOW KOMOMHaUMM QYHKUWIA
paguanbHOro Buaa - B JaHHOM Crnydae n-MepHbIX rayccnaHoB. OYHKUUKN paananbHOro Buaa n3BecTHb
BbICOKMM KayeCTBO WHTepnonsuMun u obnagawT nvwb OOHUM CYLLECTBEHHbIM HeAOCTaTKOM -
crnaXuBaHue UM YacTUYHOE MOrfoLLeHne foKarbHbIX BCNNECKOB. Tak e U3BEeCTHbl U apXUTEKTYpbl C
fGonee YeM OAHMM CMOEM HEWPOHOB C paaunanbHoOn yHKUMen akTueaumm [6], Mbl He Byaem nogpobHo
O HUX FOBOPUTb, HO YTBEPXKOAETCH, YTO HEMPOCETU TaKoN apXUTEKTypbl 6onee adhdekTnBHbl. Huxe, B
pasgene «rmbpuaHbie ceTuy, Mbl eLLE BEPHEMCSA K pas3NnYHbIM BapMaHTaM HeEMpoceTen paamanbHOro
TMna.

PaccmoTpum meTogbl oby4yeHuMsi HelpoceTel ¢ Gasucom pagvanbHoro Buaa. [lycTb Ham gaHa
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crnyvanHbli BekTop (Mogenb) cC

napameTpamu ,a 1" - xenaemblit BbIXOA CETW.
HayHémM C paccMoTpeHusi BEepOSTHOCTHOW HenpoceTn. HanomHuMm, 4TO NO4 BEpOATHOCTHOWM
HEMPOCETbID Mbl MOHMMAEM CETb C OOHMM CrlioeM paguanbHbix HenpoHoB U WTA Ha Bbixoge. B

[aHHOM cnyyae ¢ GyeT BEKTOPOM C OFHUM 3IEMEHTOM PaBHbIM €AVHULIE U OCTamNbHLIMU HYMSIMU.
B Takom cnydyae, OOCTaToOYHO 3aBECTVM P pagmanbHbiX HEMPOHOB, FAe Kaxabli HEeMpoH oTBedvaeT
COOTBETCTBYIOLLEN MOAeny n obnagaeT eé napameTpamu.

Takum xe obpa3oM MOXHO CKOHCTPYMpPOBaTb M HEWPOCETb C CIOEM JIMHEWHbIX HEeMpoHoB: [ns
Ka)xdoWn napbl BEKTOPOB 13 oby4atoLlel BbIGOPKU 3aBefEM OTAENbHbBIN HEMPOH B paguanbHOM CIoe C
napametTpammu obyuyatlollero Bektopa . Takum o6pasoMm Kaxabli obyyawowmin BekTop copmMmupyet
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OTAEeNbHbIN  HeWpoH. [anee 3anuMcaB M pelmMB MPOCTYO CUCTEMY - , roe Y
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COOTBETCTBYIOLMI areMeHT £ | ¥ - cBSI3b i020 MUHEIHOTO HEMpOHa W jo2o paauanbHoro, a o -
BbIXO4 COOTBETCTBYHOLWEro paanarnbHOro HeVIpOHa.

Ha npakTuke He Bcerga BO3MOXHO Yy3HaTb MapameTpbl U KONMMYeCTBO Mofernen 3apaHee. Ona umx
BbISSHEHUS TMNPUMEHSAIOTCS pasfMyHble MEeTOoAbl KnacTepus3auum W CTaTUCTUYECKUX OueHOoK [7]
(nonynsapHbLIM METOA0M SBNSIETCA K-Knactepusauus). [Ana npuMmepa pacCMOTPUM CETb C OOHUM CINOEM
paguanbHblX HEWPOHOB M OO4HMM CIIOEM JIMHEWHbIX HEeWpOHOB. Moesa Takmx MeTodoB COCTOUT B
cnenywLem:

o Feya-1,.. Ta Fa
(A7.0%), v B AT ) I 0BblyHbIE YMCHOBbIE BEKTOPA.

MycTb ecTb oby4atoLasn Bblbopka
Pa3obbem npocTpaHCTBO 00yYaloLmX BXOAHbIX BEKTOPOB Ha N KNacTepoB..

[ns kaxgoro Krnacrtepa 3aBedém no He|7|p0Hy, C UEeHTpOM coBnagawwunm C LUEeHTPOM Kracca.
OctanbHble napamMeTpbl oueHUM C MOMOLLbIO CTaTUCTUYECKNX METOLOOB.



Crnon nWHerHbIX HEMPOHOB HACTPOMM pELUMB CUCTEMY IUHENHbLIX YpaBHEHW, Hanpumep
MEeTOAOM HauMEeHbLUNX KBagpaToB (€CMy HET aHaNUTUYECKOro peLLeHNns).

Takke ecTb MEeTOA MOCTEMNEHHOrO0 KOHCTPYMPOBAHWS CETM C nocrneoBaTernbHbiM obaBneHnem
HenpoHoB (ncnonb3yetca B MatLab). [Ina obydeHnst cetel ¢ 6onee 4em ogHUM CroeM pagmnarnbHbIX
HEPOHOB MOXHO MPUMEHNTL 0BpaTHOE pacnpocTpaHeHne owmnbku [6].
HelipoceTn ¢ 6asnmcomM paguanbHoro Buaa NpMMEHSIOTCS AN PELLEHNsT CeayoLwmX 3agay:
PacnosHaBaHue obpasos.
MHTepnonauma MHOroMepHbIX yHKUUA.
O6bpaboTtka u aHanu3 3Byka.
AHanm3 n3obpaxeHui.
O6Hapy>xeHve ABWXKeHUSA B BUOAEO NOCnef0oBaTeNbHOCTSX.
LymonoaaeneHue.
Mogenb Xondunaa.
Cpeau HenpoceTen mogenb Xondwunaa [2] 3aHnmaeT ocoboe mecto. C nomoLubio Mogenu Xondgpunga

BrnepBble YyaarnoCb CBA3aTb HGIZpOCGTI/I N HENWHEWNHble OWHaMWYEeCKMe CUCTeMbl U nonyvynTb
yCTOVI‘-IVIByI-O MoJesib accoumMaTUBHON NaMATH.

. . =141
Mopgenb HeMpoOHa OOBONLHO NMpocTa. Beixog HerpoHa S MOXeT NpUHMMAaThb ABa 3HAYEeHUS { } .

Kaxabll BXxo4 HenpoHa I", Kak U B nepcentpoHe, obnagaeTt Becom W". O6o3Ha4YnMm ’ $Wx
J +Lh>0
S D) =18,k =0

Bbixoa HelpoHa M3MEHSIETCS BO BPEMEHW MO CreayroLlieMy 3akoHy l_l’h <@ ,roe ©-

UKCMpoBaHHOE YNCIO (OObLIYHO HOSb).

CTpyKTypa cBfizen B Modenun Xondpunga pagukanbHO OTNIMYAETCA OT BCEro paCCMOTPEHHOTO BbILLE.
B mogenu Xondwunga kaxabld HEMPOH CBA3aH CO BCEMW OCTasnbHbIMW, TO €CTb Ha BXOA4 HEWPOH

nonyyaeT curHanbl OT BCEX HEWPOHOB ceTu. Takum obpasom, HerpoceTb Xondwunga NoSHOCTbO
il

. W . . .
XapakTepusyeTtcd MmaTpuuen secoB W( ¥ - Bec cBSA3M ioro u joro Hel/lpOHa) N BEKTOPOM COCTOAHUA S,

& .
roe ! Tekyllee 3HaveHMe BbIXOAA COOTBETCTBYyWLIEro HenpoHa. OB6bIMHO, CBSA3M cyMTalOTCH

. i
CUMMETPUYHBLIMU, TO eCcTb ¥ % Tak e npeanonaraeTcsi YTO BCe AMAaroHasbHble 3MEMEHTbI -
Wy =0
HyneBble :

PaccmoTpum noBeeHne ceTu BO BPEMEHU NMpu (PUKCUPOBAHHOM MaTpuue BecoB. [lyckaln B MOMEHT
t=0 Mbl Npefanu BEKTOPY COCTOSIHMSA HEKOTOpOe 3HaveHne. CyllecTBYIOT ABa BapuaHTa danbHenLwero
npouecca paboTbl CETU: CUHXPOHHBIA U aCMHXPOHHbIN. CUHXPOHHbIN BapuMaHT paboThbl 3aknioyaeTcs B
TOM, YTO BCE HENpPOHbI OOQHOBPEMEHHO U3MEHSIT CBOE COCTOSIHME B MOMEHT t+7 COrmacHO COCTOSIHUIO



ceTn Ha MOMeHT t. B crniydyae acMHXpOHHOM paboTbl B MOMEHT f+71 CBOE COCTOSIHME U3MEHSIET TOSbKO
OQVH HENpPOH, B MOMEHT {+2 HEKOTOPbIN APYro HEMPOH COrfacHO COCTOSIHUIO CETU B MOMEHT f+71 1
T.4. (Kaxagbli pa3 HeWpoH BblbupaeTcsa cnyyanHo). B nobom cnyyae C Te4eHMEM BPEMEHU CeTb
Kaknum-To 06pa3om M3MEHHAET CBOE COCTOsIHUE. YTBepXOaeTCsl, YTO NPW HanoXeHHbIX HaMK1 YCNoBUAX
Ha mMaTpuLy BeCOB CeTb Yepe3 Kakoe-TO KOHeyHoe Bpems NpuAaéT B cTauMoHapHoe COCTOsiHMe, TO

AT Y2 T, 50 = S(f+1
ecTb AE) = S(+1) . Tak e yTBepXdaeTcsi, YTO 3TO CTaUMOHapHOe COoCTosHMe S
AOCTUraeTcs U ABMNAETCA OOAHUM U TEM Xe BHE 3aBUCUMOCTU OT CUHXPOHHOCTM paboTbl HEMPOHOB.

EQ) ~ 22 DS O%,S O+ 508,
PaccmoTpuM BblpaxkeHue i ! . OTO BblpaxeHue siBnseTcs, Tak
HasbiBaeMoWn, yHKUMEN SHeprum ceTu. 3JTa dyHKuMsa aBnsaetca dyHkunen JlsnyHoBa Aans
AVNHaMN4YEeCKOWN CUCTEMbI, OnUCbiBaeMon ceTbio Xondunga. MoxHo gokasaTb, UTo B npouecce paboTbl
cetn yHKUMS dHeprum ByaeT He Bos3pacTaTb, a MNpUM CTaUMOHAPHOM COCTOSHME - OOCTUTHeT
MUHMUMYMa. Takum obpasom ceTb Xondunga MUHUMU3MPYET COOTBETCTBYIOLWMA YHKLMOHAN
aHeprun. PyHKUMOHAN C TedYeHMeM BpeMeHW CXoauTcs K bnukarwemy OT CTapTOBOrO COCTOSHUSA
MUHUMYMY, T.€. €CMlN Mbl CMOXEM YMBbILMEHHO co34aBaTb MUHUMYMbI, TO Halla HEMPOCETb CMOXET,
Kak Obl BOCCTaHaBNNBATL «MNOBPEXAEHHbIE» BXOAHblE 0bpasbl. [1osCHUM 3Ty naeto:

[ e
Myckail Mbl CMOMAM €O3AaTb MUHUMYMbI B cocTosiHMax 173 % (noctaTouHo panékux B

CMbICrie XaMMUMHra, TO €CTb C B0MbLIMM YMNCITOM pasnunyatoLmnxcs SJ'IeMeHTOB).

MpeanonoXxum, 4To y Hac €CTb MUCTOMHMK AaHHbIX, KOTOPbIA BblOaéT OBOWYHbIE BEKTOpa,

o oF or
ABNAIOLIMECA 3aLUYMMNEHHBIMA UMW HEMOMHbIMK BapuaHTamMn 73 “*y Mbl XOTUM BOCCTaHOBUTHL
YMCTbI BEKTOP.

b - [
Torga nony4ymB N3 3TOro NCTOYHWKA BEKTOP * | BBEOEM CeTb B COCTOSIHNE *~ .
Hoxaémea noka ceTb I'IpVI,EI,éT B CTauMOHapHOE COCTOAHUE.

YTBEpxaaeTcs, 4YTo ecrnum wym He ObIfT CAULLIKOM CUSMbHBLIM, TO CETb penakcunpyeTca K YNCtomy

or L or
e E R RRRL

BEKTOPY U3

OTMeTUM, 4YTO COCTOSIHUSI CeTU SIBMSIIOTCS BeplUMHAMM N-MepHOro runepkyba, a eé guHamuka -
TpaeKkTopuen, npoxoasiien no ero pédbpam. Takum obpasom, HacTpamBasi MMHUMYMbl, Mbl Kak Obl
rnomevyaemM HeKoTopble BEpLUMHbI, a B Mpouecce paboTbl CeTb U3MEHSIETCA COrfacHO KpaT4yaillen
TPaAEKTOPUM U3 Ha4anbHOr0 COCTOSIHUS K KakOM-NnMGo nmomeyeHHOW BeplumHe. Takoe CBOWCTBO CETU
ncnonb3yeTcs ONs pelleHnsi, Tak HasbiBaeMoW, 3a4a4n CTPAHCTBYIOLLIErO KOMMUBOSHKEpa.

OO6yueHue ceTn npoucxoauT No npasuny Xeb6a: NpeanonoXmm Mbl XOTUM YTODObI CETb 3amnoMHuNa

. = W, = &y
6I/IHaprII/I BEKTOp a , TOrga Martpuua BeCOB BblHUCIIAETCA NO crneaywemy npasuny ¥ % L

MpennonoXxmm mbl yxe obyumnu ceTb HEKOTOPOMY KONMYECTBY BEKTOPOB, Toraa ansd gobaeneHus
eweé ofHoro TpebyeTca nepecynTatb Beca cnegylowmm obpasom:
i =i o P =0, p =12k N 3

. Ocobon ycTtoMumBOoCTM CeTb JocTuraetr npu
OpTOroHanbLHOCTU obyyaoLwmx 0bpa3oB. YTBEpKAAETCH, YTO CETb YCTOMUYNBO XpaHUT He Gonee 0.74N
obpasos, rae N 4ncno HelpoHOB.



MonyyeHHas ceTb ABNsSIeTCS MOAENbI0 C aCCOLMaTMBHOW NaMsSTbio, T.6. CETb XPaHUT Kakon-To Habop
obpa3oB, a Anst 4ocTyna k 0OHOMY M3 HUX TpebyeTcs nNpeabsBUTb HEKOTOPbLIN 06pa3s, «NOXOXWUA» Ha
Tpebyemblii. 1o TakoMy e MpuHUMNY paboTaeT M 4YenoBeveckasi NamsiTb: Mbl MOXEM BCMOMHUTb
0ObEeKT, NO €ero YaCcTUYHOMY WNM  3aWyMiEHHOMY U306paxkeHuto. POTUBOMOMOXHOCTbLIO
accoumaTMBHON NamsTU ABRSIeTCS NaMsTb agpecHas, rae Ans NofyyYyeHuss HeKOTOPOro XpaHsiLerocs
06bEKTa HY)KHO NpeabsBUTb €ro YHWKanbHbIA HOMEp - Tak paboTaeT NamMsTb BO BCEX COBPEMEHHbIX
KOMMbloTEpax.

OTMeTVM MHTepeCcHy ocobeHHOCTb ceTn Xondunga - noxHas namatb. [JeNcTBys cornacHo npasuny
Xebba Mbl MONYYMM MWHUMYMbl SHEPTUW B WMHTEPECYIOLIMX Hac BEKTOpax, OA4HAKO, TaK Xe Mbl
nony4YMM MUHUMYMbI U B HEKOTOPbIX TOYKaX, KOTOPbIM Mbl crieumanbHo He obyyanu. 3To cpaBHUMO C
3 PEKTOM «€ XKa BIO» - HAM KaXXeTCsl, YTO Mbl BUOENMN HOBbI OBBEKT paHee.

Tak Xe CyLecCTBYIOT pasfiMyHble moaudukaumm mogenun Xondunga. Hanpumep, mogens Kocko ¢
ABYHanpaBreHHON accoumaTMBHON NamATblo [1] unu Moaenb ¢ BEPOATHOCTHOWM HEMPOOMHAMUKON -
MawmnHa BonbumaHa [2].

B mawwunHe BonbumaHa nepexon M3 OOHOIO COCTOSIHMS B ApPYroe OCYLLEeCTBMSeTCs No creaylowemy
npuHUMNYy:

S 1 1) = sign((8) @}'c BEPOATHOCTbLIO E;,

S 1= sgnly(e) ©) BEPOSITHOCTbIO 1-4,
1

(B, Z)
1+ SE i E—
exp( T )

-
Il

£ £
Foe ™! -3Heprus HayanbHOrO COCTOSIHMS ~ 2% - 9Heprusi KoHevHoro, a T - napameTtp. OObiMHO T

HasblBalOT TemnepaTtypon. MNpu T—=0. OnHamuka ceTn 6nuska Kk mogenu Xondwnga, npu T—om_
abconTHO xaoTuyHa. Yem Bbile TeMnepaTtypa - TeM Gornblue BEpOSTHOCTb Nepexoa Ha YPOBEHb C
Oonbluen sHeprven. Ha npakTvke wucnonb3yeTcs MeTO4 umMumauyuu omkuza [2]: ceTb HauuHaeT
paboTy C OTHOCUTENBHO BLICOKOW TeMnepaTypomn, HO B npouecce paboTbl TemnepaTtypa nagaeT Ao
Hyna. Takum obpa3om cucTtema TAroteetT K Oonee YyCTOMYMBBIM MWHMMYyMaM, MOHWXKAas, Takum
obpa3oM, KOonMYeCcTBO penakcaunm K noXxHeiM (No6oYHbIM) oGpasam.

HelpoceTe Xondwunga npeactaBngeT OOMNbLIOW HayYHbI MHTEPEC, OOHAKO, Ha MNpakTuke
NPUMEHSAETCH He YacTo; OCHOBHAs NpuymHa - paboTa Tonbko ¢ 6uHapHbIMU BekTopamu. CyLlecTBytoT,

OfHaKoO, W pasnuyHble OpUrMHanbHble MaTeMaTU4eckue pelleHus, ANA nNpeodoneHns 3Toro
orpaHu4eHus Ans KOHKpeTHbIX 3agaud [9].

CeTtb Xondunga npuMeHsieTcs B CrieayoLmx obnacrsx:
MuHuMMn3aums yHKLUNMOHANOB.
3agaum noucka (3.K.B).

dunsuka.



LiBeToBas cermeHTauus [9].

PacnosHaBaHue obpasos.
CamoopraHusytoLadaca ceTb (kapta) KoxeHeHa.
Bbilwe Mbl paccMaTpuBanu ceTu pellarlive 3ajadn knaccudukauum npu Hanuume HeKoTopbiX
anpuopHbIX [aHHbIX - obyvawuwen BbiGopkn. B aToM pasgene Mbl pacCMOTPUM  HelpoceTb

paboTatoLlyto Ha OCHOBe camoopraHusaumm - ceTb KoxeHeHa (Kohenen Network, Self-Organizing
Map, SOM) [2].

Ccopmynupyem 3agady MHOrOMEPHON KracTepusauun: MycTb MMEeeTCs HekoTopask MHOromepHas
{31,9?2,...3;} L1 diml X)) = »

BbI60pKa AOaHHbIX , T.e. MHOXeCTBO BEKTOpPOB HeKOTOpOI7I
(bMKCMpOBaHHOVI pa3mMmepHOCTN, HaMm Tpe6yeTc;| NOCTPOUT UHBEKTUBHOE OTO6pa)KeHV|e M3 MHOXeCTBa
0,0, £

BXOAHbIX AOaHHbIX B MHOXECTBO KriacTtepoB , A€ KOJIM4eCTBO KnacTtepoB k 0Obl4HO
M3BECTHO 3apaHee, HO HN4ero ©onee 0 HMX He n3BecTHO. HbIMK crioBamu, Tpe6yeTc;| Nno HEKOTOpOMYy

o 7 . Cl
NPU3HaKy COOTHECTU KaX[blil BEKTOP ' N3 BXOAHOM BbIGOPKM C KAKUM-TO KNacTepoM !, TeM caMbiM
pa3buB BXOOHOE MHOXEeCTBO Ha k knactepoB. OOblMHO BEKTOpa AENAT Ha KracTtepbl MO NpU3Haky
6rm3ocTu k gpyr opyry B cmbicne Esknupa.

P
o %6 o, ©
O T
O
0
O
56 ooa
i

Puc6. MNpumep knactepusauuu.

Ha kapTuHke npuBenéH npumMep Krnactepusaumm AByMepHbIX BEKTOPOB C YNCAOM KnactepoB k=2. Kak
BMAHO, K OAHOMY KnacTepy Mbl OTHECNWN T€ BEKTOPA, PacCTOSHUE MEXAY KOTOPbIMU BbINO HEBEMMUKO.

NTak Ha4yHEM paccMOTpeHne HenpoceTy, pewarLlyto 3agady Knacrepusaunn.

Mogenb HeWpoHa 4eM-TO HAMOMWHAET HEWPOH ceTel ¢ 0a3nCoOM pagmanbHOro BMAa, TOMbKO C
TOXAECTBEHHON (NUHENHOW) doyHKUMen npeobpasoBaHusa BMecTo MayccmnaHa.
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Puc7. Mogenb HepoHa B KOXeHEHCKOW CeTW.

PesynbTaToM paboThbl HellpoHa SIBMSIETCA €BKIUAOBO PAcCTOSHUE MeXOY BXOAHbIM BEKTOPOM ~ W
i

BEKTOPOM BECOB :

PaccmoTpum cTpykTypy cBsizet ceTu KoxeHeHa. Bce HeMpoHbl ceTu HaxoOsiTCs B OOHOM Croe U

ynopsiioveHbl B ABYMEpHyt0 MaTpuuy " “# . BxogHoW BEKTOp MOCTYNaeT Ha BXOAbl KaXAoOMy M3

HENPOHOB, B CMneaCTBME Yero Kaxabli HEWpPOH NPOM3BOAWUT OMNpefeNi€HHbIM  BbIXOL pPaBHbIN
pacCcTOsIHUIO BXo4a [0 ero Bektopa BecoB. [Janee cornacHo WTA BbiOMpaeTcs HeMpoH nobeauTens.

O6yueHue B ceTn KoxeHeHa npoucxoauT 6e3 yuuTtens Ha OCHOBe camoopraHmsauuu. lNyckan y Hac
(7.7, %% dm(x)=»
nveetcs Habop BEKTOPOB ¥ , Ons KOTOpPOro Mbl XOTMM MpOBECTU
Knactepusauuto. NponHnumnannanpyem Beca HEMPOHOB HeEBONbLUMMK CryvarHbIMKM Yicnamu. danee
Oyoem nocnepoBaTenbHO NPeabsBNATL CeTU BekTopa. [yckan Ha Tekyllem Liare npeabsBuB BEKTOP
CeTu Mbl MOMy4YMnM HempoH nobeauTens umerowmn B maTpuue koopauHaTty (i,j). MNMogctpoum Beca
5 Wut 1 D =Wyt n(x W, |0 kD« =
HEMPOHOB  CreadylWwmM 0bpa3om X u®) 7l w@):lie.s) 2] , roe ‘-
o <1 o
BXOOHOW BeEKTOP, 7= temn obyyeHuns, 0ObIMHO yObIBAKOLWLMIA CO BpPEMEHEM, J. pasmep
OKPEeCTHOCTM KOTOpbI BblIbupaeTcsa 3apaHee. Takum o6pas3om Mbl ONTUMU3NPYEM Beca HENMPOHOB U3

9 OKPECTHOCTU HeilpoHa noGeauTens. Takum o6pa3oM Beca HeipoHa noGeauTens U ero cocenem
NPUBNNXKaKTCA K BXOOHOMY BEKTOPY.

MpoBeass ogmMH unu Gonee ceaHcoB OOyYEHMS Mbl MOMYYMM CreayloLlyo KapTUHY - HENpPOHbI
pasgenaTca Ha rpynnbl OTBeYyarlue BbICOKUM BbIXOAOM Ha onpefernéHHble rpynnbl BEKTOPOB U3
BxogHoro Habopa. [lanee BbIGpaB rpynnbl HEMPOHOB U NPUNMCaB MM onpedenéHHbIN knactep byaem
OTHOCWUTb BEKTOP K TOMY Krnactepy, K KOTOPOMY OTHOCUTCHA HEWPOH nobeamntenb, ecnv noaaTb BEKTOp
Ha Bxog ceTun. dakTU4Yeckn Mbl CNpPOELMpoBanyM MHOTOMEpPHOE MPOCTPAHCTBO BXOAHbLIX BEKTOPOB B

[ABYMEPHYIO MaTpuLy.



Puc7. MNMpumep packpacku kapTbl KoxeHeHa.

Ha KapTUHKE NoKa3aHa KapTa HeVIpOHOB B Cliy4dae, Korga Mbl XOTUM pa36VITb BXOOHbl€ BEKTOPbI Ha 2
knacca. Ywmcno KNacTepoB MOXET MEeHATbCA OT 2 00 KonuyecTtBa HGVIpOHOB B CeTu.

BoamoxeH 1 BapuaHT 0By4eHusl C y4UTeNneM - Tak Ha3blBaeMblii anropuTM KBaHTOBaHUA 0By4aloLmx
BekTopoB. OGy4YeHne No 3TOMy METOAY NPOXoAuT criedyoLwmnm o6pasom:

Myckal HaM 3apaHee M3BECTHO KONIMYECTBO KIacTeEpOB, MPUTOM CyLlecTByeT obydatouias

(R). 7%y, %y}, ¥i o dim( 5) = 2

T
BbI60pKa M3 MHOXecCTBa , MIPUTOM ONnda Kaxaoro ' Ham Yy>XXe U3BeCTeH

QI
knactep .

BHavane I'IpOBe,D,éM HECKOJIbKO 3TanoB o6yqum| Ha OCHOBE CaMoopraHunsauunn, 3anoMmmHaa anda
Kaxxgaoro HeﬁpOHa KOJTIN4eCTBO OTHECEHHbIX K HEMY BEKTOPOB TOIo Ui MHOIO Kracca.

PasmeTum maTpuuy HEWpPOHOB crneywlwumMm obpa3om - OyaemM OTHOCUTb HEMpPOH K TOMY
Knactepy, Ans KOTOPOro MakcumarbHO KONMYeCTBO OTHECEHHbIX K AJaHHOMY HEPOHY BEKTOPOB.

Nanee 6ygemM npoBoauTb 06yyYeHre Co crieayoLmMmMn M3MEHEHUSMI - eCTNU HEMPOH NnobeauTens
NPUHaANEXUT TOMY XKe KracTepy, YTo M obyvalolimin BeKTop, TO MOACTPOUM ero Beca U Beca ero

cocefieii nNo npexHen opmyne: WaE 1) =Wy@ 1 n(& Wy@):[l6.) ®D] <5
W | ) =Wy@) 7 We@):l6.) &Hl<8

, B MIHOM criy4ae
no copmyne:

Takum o6pa3om B cryyas NpaBUMbHON KrnacTepu3aummn Beca HeipoHa v ero cocefen npubnussatcs K
BXOAHOMY BEKTOPY, @ B Criy4ae OLMOKU - yaansaTcs.

K moctonHcTBaM CETM MOXHO OTHECTM YCTOMYMBOCTb, MPOCTOTY, BO3MOXHOCTb aHanusa CTPYKTypbl
KnactepoB. Hepoctatkamu SBNSAOTCA: HeEBbICOKAs CMNOCOOHOCTbL K 0000LWEeHno, Oonroe Bpems
obyueHus.

HeﬁpOCGTb KoxeHeHa npuMeHsaeTcA B cneagyrowmnx 3agadax:



LiBeToBas cermeHTauus.

AHanus 3Byka.

AHann3 MHOrOMepHbIX AaHHbIX.
MbpnaHblie HenpoceTw.

Kak BMOHO BCe OMMCaHHble HEWPOCETUM WMEIT CBOM HedoCTaTknm M npeumyuiectsa. OgHuM 13
cnocoboB MpeofoneHns HeLOCTaTKOB KaKOM-TO KOHKPETHOM apXUTEKTypbl - rubpuamsaums ceTemn.
MmeeTca BBMAY COBMELLEHME HECKOMNbKMX HEMPOCETEBBLIX apXUTEKTYp B OOHY, C Lefbio NOBbIWEeHNSs
TeX UMK MHbIX Ka4yecTB. Tak e 4YacTo BCcTpeyaeTcsa rmbpuansaumus ¢ He HeMpoceTeBbIMU MOLENAMN,
TO eCTb C OpPYrMMU MeTOAaMu pacrno3HaBaHus 00pa3oB. VI3BeCTHbl rmbpuabl HEMpPOCETEN U CKPbITbIX
MapkoBckux Mmogenen [10], cuctem He4dé€Tkonm norumkon [11], w T1.4. NMaBHLIM nNpUHUMNOM NpwU
NnocTpoeHne rmbpuaHON apXUTEKTYpPbl, ABMSAETCA UCMOMNb30BaHNEe TOW UMW UHOW MOoOEenu B TOM, rae
OHa curbHa U 06Xxo4 MecCT rge oHa He cpabaTbiBaeT.

3aknroyeHue.

HecmoTpsa Ha BMAMMBIA cnaf MHTEpeca K HerWpoHayke, OHa MPOAOSKaeT XWUTb M passuBaTbcd. B
nocriegHee BpeMsi ObIfO cOenaHo MHOro MPOABMXKEHUIN B 06MacTu MHTErpaumm HEMPOHHLIX CeTeN m
CUCTEM C HEYETKOW FIOrMKON, MOCTPOEHME TMBPUOHbIX ceTen 1 T.4. 3a BpeEMsI CBOErO CyLLECTBOBaAHMSA
HempoceTn nepexunn, Kak nepuoabl HebbiBanon NOMNynspHOCTM, Tak M MOMEHTbI MOYTM MOJSIHOMO
3abBeHnda. CnegyetT noOHWMMaTb, YTO HEWPOCETU HM B KOEM Cllydae He 4ABMASKTCS 9ITakum
yHMBepCarnbHbIM METOAOM - OHW BCEro XOpOoWWA W KpahHe YOO0OHbI MHCTPYMEHT, CO CBOUMM
HeJoCTaTKaMu U NpenmyLLecTBamum.
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